Examination of spatial variation in demography among or within populations of the same species is a topic of growing interest in ecology. We examined whether spatial variation in demography of a tropical megaherbivore followed the "temporal paradigm" or the "adult survival paradigm" of ungulate population dynamics formulated from temperate-zone studies. We quantified spatial variation in demographic rates for giraffes (Giraffa camelopardalis) at regional and continental scales. Regionally, we used photographic capture-mark-recapture data from 860 adult females and 449 calves to estimate adult female survival, calf survival, and reproduction at 5 sites in the Tarangire ecosystem of Tanzania. We examined potential mechanisms for spatial variation in regional demographic rates. At the continental scale, we synthesized demographic estimates from published studies across the range of the species. We created matrix population models for all sites at both scales and used prospective and retrospective analyses to determine which vital rate was most important to variation in population growth rate. Spatial variability of demographic parameters at the continental scale was in agreement with the temporal paradigm of low variability in adult survival and more highly variable reproduction and calf survival. In contrast, at the regional scale, adult female survival had higher spatial variation, in agreement with the adult survival paradigm. At both scales, variation in adult female survival made the greatest contribution to variation in local population growth rates. Our work documented contrasting patterns of spatial variation in demographic rates of giraffes at 2 spatial scales, but at both scales, we found the same vital rate was most important. We also found anthropogenic impacts on adult females are the most likely mechanism of regional population trajectories.
Natural populations inevitably exhibit variation in demographic parameters, and whereas examination of temporal variation has long been a central theme in population ecology (CluttonBrock et al. 1988; Newton 1989 ), spatial variation among or within populations of the same species has received much less attention (Frederiksen et al. 2005) . Survival, reproduction, and other demographic traits of a species may vary markedly among populations and subpopulations inhabiting heterogeneous environments (e.g., Paradis et al. 2000; Frederiksen et al. 2005; Grosbois et al. 2009 ), but this variation has not been well documented for ungulates, particularly in tropical zones.
In long-lived animals, elasticities from population models show that changes in adult female survival typically result in the greatest proportional changes in population growth rate, relative to changes in other vital rates (e.g., Lebreton and Clobert 1990; Gaillard et al. 1998 Gaillard et al. , 2000 Saether and Bakke 2000) . However, several long-term studies of ungulate species from temperate zones have found that because temporal variation in adult survival is low, variation in reproduction and calf survival are typically the most important determinants of observed temporal variation in population growth rates (Eberhardt 1977 (Eberhardt , 2002 Gaillard et al. 2000) . We refer to this as the "temporal paradigm" of ungulate demography, i.e., stable and high adult female survival with highly variable reproduction and calf survival rates that drive variation in population growth. In contrast to the temporal paradigm, Nilsen et al. (2009) and Johnson et al. (2010) examined spatial variation in demography of 2 declining populations of temperate-zone ungulates and found variation in population growth rate was mostly driven by low and variable adult survival. We refer to this as the "adult survival paradigm" of ungulate demography.
In this study, we examined whether the temporal paradigm or the adult survival paradigm of ungulate population dynamics can be applied to spatial variation in population dynamics for the largest-bodied ungulate, the giraffe (Giraffa camelopardalis). Specifically, we investigated the patterns and mechanisms of spatial demographic structure in giraffes at regional and continental scales. Giraffes are megaherbivores, like elephants (Loxodonta africana) and rhinoceroses (e.g., Diceros bicornis), and megaherbivores can illuminate patterns described by studies of smaller-bodied animals by providing an extreme allometric endpoint for comparison and contrast (Owen-Smith 1992) . At the regional scale, we quantified whether reproduction, calf survival, and adult survival probabilities varied among 5 sites in the Tarangire region of northern Tanzania, East Africa, using individually based data from the subspecies Masai giraffe (G. c. tippelskirchi) . We sought mechanisms of regional spatial variation in demographic parameters by examining correlations between giraffe vital rates and spatial covariates of land management, giraffe density, lion predation pressure, and illegal killing (poaching). At the continental scale, we summarized variability in demographic rates using all published values from across the range of the species. To determine which demographic parameter was most important to spatial variation in regional population growth, we created matrix population models and used prospective matrix analysis and retrospective life table response experiment (LTRE) methods (Caswell 2001) to compute elasticities and decompose spatial differences in population growth rates (λ) into contributions from site-specific mean vital rates and correlations between vital rates.
If the temporal paradigm best explained spatial variation in giraffe population dynamics, then we expected to see greater variability in reproduction and juvenile survival relative to adult female survival, and we expected variation in reproduction and juvenile survival to have the greatest effect on variation in λ. If the adult survival paradigm prevailed, we expected variation in adult female survival would have the greatest effect on variation in λ.
Materials and Methods
Our regional study used data from individually identified, wild, free-ranging giraffes in a system with nearly the full suite of natural predators and sympatric ungulate species across a 1,700 km 2 sampled area within a 4,400 km 2 region. We examined spatial variation in density, survival, reproduction, and population growth rate among 5 sites ( Fig. 1 ): Tarangire National Park (TNP), Lake Manyara National Park (LMNP), Manyara Ranch Conservancy (MRC), Lolkisale Game Controlled Area (LGCA), and Mto wa Mbu Game Controlled Area (MGCA). The 5 sites were subject to 3 different management regimes: 2 sites were national parks (NPs) with stricter enforcement of antipoaching laws and no permanent settlements, 1 site was a private ranch and wildlife conservancy with some antipoaching activity and a moderate density of pastoralists and livestock but no permanent settlements, and 2 sites were Game Controlled Areas (GCAs) with few antipoaching activities, high density of pastoralists and livestock, agriculture and permanent human settlements, and wildlife harvesting via subsistence and trophy hunting, although hunting of giraffes was legally prohibited (Borner 1985; Gamassa 1995; Nelson et al. 2010) . The sites also differed in lion density, giraffe density, and poaching intensity (see Supporting Information S1 for details of site-specific lion density, giraffe density, and poaching).
Regional study system.-Giraffes are large (830-1,000 kg), long-lived, sexually dimorphic, nonmigratory, nonterritorial, browsing ruminants that eat leaves, twigs, and fruits of Acacia, Balanites, Dichrostachis, and many other species of woody vegetation (Dagg and Foster 1976; Pellew 1984) . Their main natural predators are African lions (Panthera leo) and spotted hyenas (Crocuta crocuta- Dagg and Foster 1976) , but bushmeat poachers also target giraffes (Strauss et al. 2015) . The Masai giraffe is the most numerous of 9 giraffe subspecies (Dagg and Foster 1976; Dagg 2014) , with the majority residing in Tanzania. Aerial surveys of the major ecosystems of Tanzania have indicated that most Masai giraffe populations may be declining (Stoner et al. 2006) .
The Tarangire ecosystem (TE) is a tropical savanna-woodland ecosystem (Lamprey 1964 ) and a global hotspot of large mammal diversity (Bourliere and Hadley 1970) that supports the 2nd highest density of giraffes in Tanzania (Stoner et al. 2006) . Habitat outside the TE's protected areas has been lost or degraded by agriculture, charcoal making, and other uses (Newmark 2008; Msoffe et al. 2011) . Giraffe habitat throughout Africa has become similarly lost and fragmented; thus, the TE is representative of much of the remaining landscape for the species. Most scientific studies of giraffe populations to date have occurred entirely within protected areas (Foster 1966; Leuthold and Leuthold 1978; Pratt and Anderson 1982; Pellew 1983 Pellew , 1984 Strauss and Packer 2013; Strauss et al. 2015) , but much of the current range of the species lies outside of protected areas and is subject to variation in human land uses.
The TE is located in the eastern branch of the Great Rift Valley and encompasses roughly 30,000 km 2 (Borner 1985; Prins 1987) . Mean total annual rainfall was 650 mm for years 1980-2009, range = 312-1,398 mm; average monthly precipitation by season was short rains (October-January) = 63 mm, long rains (February-May) = 100 mm, dry (June-September) = 1 mm (Foley and Faust 2010) .
Regional sampling.-We collected data during systematic road transect sampling for photographic capture-mark-recapture. We conducted 18 daytime surveys for giraffe PCMR data between January 2012 and October 2014. We sampled giraffes 3 times per year near the end of every precipitation season (see Supporting Information S2A) by driving a network of fixedroute road transects in the study area (Supporting Information S2B). We surveyed according to a robust design sampling framework (Pollock 1982; Kendall et al. 1995; Kendall and Bjorkland 2001) with 3 occasions per year wherein each sampling occasion was composed of 2 sampling events (Supporting Information S3) during which we surveyed all road transects in the study area (3 occasions per year × 2 events per occasion × 3 years = 18 survey events). Road density throughout the study area was high (Supporting Information S2B) relative to giraffe home-range size (~90 km 2 mean female home range- Foster and Dagg 1972; Berry 1978; Leuthold and Leuthold 1978; Pellew 1984; Le Pendu and Ciofolo 1999; Fennessy 2009 ). Survey teams maintained a driving speed between 15 and 20 km/h on all transects, and all teams included the same 2 dedicated observers and a driver. We sampled each road segment only 1 time in a given event. We systematically shifted the order and direction in which we sampled sites and road transects similar to a Latin Square design to reduce sampling biases.
During PCMR sampling events, we sampled the entire study area. When we encountered a giraffe, we either "marked" or "recaptured" the animal by slowly approaching and photographing the right side (Canon 40D and Rebel T2i cameras with Canon Ultrasonic IS 100-400 mm lens; Canon U.S.A., Inc., Melville, New York). We later identified individual giraffe using unique and unchanging coat patterns (Foster 1966) . We attempted to photograph every giraffe encountered for individual identification from a distance of approximately 100 m ( X = 90 ± 39 m), and we recorded sex (male, female), GPS location (Garmin eTrex Venture Cx; Garmin International, Olathe, Kansas), and age class. We categorized giraffe into 4 age classes: newborn calf (0-3 months old), older calf (4-11 months old), subadult (1-3 years old), or adult (> 3 years for females, > 6 years for males) using a suite of physical characteristics, including body shape, relative length of the neck and legs, ossicone characteristics (Strauss 2014) , and height measured with photogrammetry (Supporting Information S4). This research followed American Society of Mammalogists guidelines for live animals (Sikes et al. 2011) .
Regional encounter histories and survival estimation.-We matched giraffe identification images using WildID (http://software.dartmouth.edu/Macintosh/Academic/Wild-ID_1.0.0.zip), a computer program that matched a large test data set of giraffe images collected using our protocols with a low false rejection rate (0.007) and 0.0 false acceptance rate (Bolger et al. 2012) . Based on matching results, we created individual encounter histories for analysis in program MARK 7.1 (White and Burnham 1999) . We assigned all individuals to 1 of the 5 sites for the entire study according to where the majority of encounters occurred. When no majority was present, we assigned the animal to the 1st observed location. Here, we focused on reproduction, adult female survival, and calf survival, as these were the main parameters of interest. We estimated an age-specific survival curve that included subadult age classes using a subset of 500 known-age females, and we used that age curve to interpolate subadult survival rates between local calf and adult survival values for each site (Supporting Information S5). Males will be considered in detail elsewhere.
We modeled and estimated our main parameters of interest using Pollock's (1982) robust design statistical models (subscript i = occasion, j = event; see Supporting Information S3). For each site, we estimated reproduction (see "Calculating reproduction" below), adult female population sizes (N i ), adult female and calf survival probabilities (S i ), as well as nuisance parameters of capture probabilities (p j ), recapture probabilities (c j ), and temporary emigration parameters ( ¢¢ γ i , the probability of being out of the survey area; and ¢ γ i , the probability of remaining out of the survey area).
We tested goodness-of-fit of encounter histories to a general model using U-CARE (Choquet et al. 2009 ) and adjusted for lack of fit by adjusting ĉ = χ 2 /d.f. (Choquet et al. 2009 ). Throughout model ranking and selection procedures, we ranked models using qAICc and used model qAICc Weights (W) as a metric for strength of evidence supporting a given model as the best description of the data (Burnham and Anderson 2002) . During survival model selection, we began with the most fully parameterized model in our set with constraints (site effects) on the main parameters of interest and with both temporal and site effects in capture (p j ), recapture (c j ), and temporary emigration ( ¢¢ γ i and ¢ γ i ) rates. We first ranked competing models with reduced temporal complexity of temporary emigration, then detectability parameters. Once we obtained the most parsimonious form of temporary emigration and detectability parameters, we ranked all models of survival, including spatial covariate models, a constant or null model, and a site-specific model. We used the variance components procedure in MARK to decompose spatial process variance and sampling variance, estimate spatial process variance of survival, and obtain robust estimates of mean survival probabilities.
Calculating reproduction.-We computed a site-specific index of seasonal reproduction as the ratio of newborn calves (aged 0-3 months) over the site-specificN of adult females. The proportion of females seen with a calf often has been used as a proxy for birth rate (e.g., Fryxell 1987; Eberhardt et al. 1996; Laurian et al. 2000) . However, this method is biased unless spatial and temporal variation in the probability of detection is accounted for, along with survival from birth to observation (Nichols 1992; McCorquodale 2001; Bonenfant et al. 2005) . Therefore, we corrected calf counts for detectability by dividing the count by site-and season-specific capture probabilities. We corrected the calf count for survival from birth to observation by dividing by the square root of site-and season-specific survival estimates for the 1st interval after birth. Assuming a constant rate of reproduction during the interval between surveys, we can approximate the survival of all calves born during the interval before a given survey by treating all calves as being born in the exact middle of the interval; thus, their survival rate from the midpoint of the interval to the survey would be the square root of the estimated full seasonal interval survival rate, or S i . Therefore, corrected count raw count = p S j i . We ranked models of reproduction using generalized linear models with a binomial error structure and logit link function in program R (R Core Development Team 2013). Corrected count of neonates in each season-site combination was the number of successes, and number of adult females in each site was the number of trials. We used AICc as our metric of model rank and AICc Weights (W) as strength of evidence for a given model in the set. To compare reproduction among sites, we used the mean seasonal reproduction index across all occasions. We decomposed process and sampling variance, estimated spatial process variance of reproduction, and obtained robust estimates of mean reproduction by comparing the intercept-only means model with the site-specific model (Searle et al. 1992; Franklin et al. 2000) .
Covariates.-We developed a priori hypotheses about factors that might explain spatial variation in giraffe survival and reproduction, and we devised a set of spatial covariate models based on the hypotheses. Covariate models examine whether a significant correlation exists between spatial variation in survival or reproduction and spatial variation in the covariate (e.g., lion density, antipoaching). Details of covariate models are given in Supporting Information S6. In addition to the 3 basic models of site-specific parameters (denoted: site), constant parameters across all sites (constant), and parameter variation according to management authority with 3 levels (management), we also constructed 4 spatial covariate models that might explain the observed spatial patterns in survival and reproduction: lion predation (lion density), giraffe density (giraffe density), and 2 indices of illegal hunting (antipoaching and distance to Mto wa Mbu). Mto wa Mbu is the main bushmeat market town. We considered covariates of survival to be statistically significant if the 85% confidence interval (CI) of the beta coefficient excluded 0 (Arnold 2010) . We considered covariates of reproduction to be significant if their slopes were significantly different from 0 at α = 0.05.
Matrix population models.-We constructed a female-based, age-structured, matrix population model for each regional and continental site (Caswell 2001) . The matrix population model has 5 ages, 1-year time steps, and birth flow reproduction (Supporting Information S5B). We parameterized each regional site matrix population model with fecundity and survival rate estimates from data ( Fig. 2 ; Supporting Information S7), and we parameterized continental sites with estimates from data or rates from the published literature ( Fig. 3 ; Supporting Information S8). Annual calf survival from birth to age class 2 (S 1 ) and adult female survival (S A ) were computed from site-specific seasonal survival rates. We calculated subadult survival rates (S 2-4 ) by increasing survival each year based on an age-specific survival curve (Supporting Information S5C) until it was equal to local adult survival (S A ). We calculated fecundity (F) as annual estimates of calves/adult female ( / ) . c AF´´Ś S Spatial variation.-We quantified spatial variability in demographic parameters among sites at both scales using the coefficient of process variation (CV = SD/mean) of site-specific demographic rates. We considered spatial variation in estimates of regional demographic parameters to be significant if the site model had a lower qAICc score than the constant model and if a likelihood ratio test (LRT) comparing those 2 models was significant (α = 0.05).
To examine spatial variation at the continental scale, we synthesized published estimates of adult survival, calf survival, and reproduction. Because previous work on giraffe demography was conducted entirely within protected areas, we also calculated regional spatial variability for the subset of our sites with strong wildlife protection activities (NPs and MRC).
Prospective matrix analysis.-We calculated the asymptotic population growth rate (λ) as the dominant eigenvalue of each matrix model (Caswell 2001) . We calculated elasticities to quantify the change in λ resulting from a proportional change in a matrix cell while holding other cells constant (Caswell 2001) . As a mean-standardized measure of sensitivity, elasticities allow comparison of the relative effect on λ of variation in different matrix components (Caswell 2001) . The values of λ from our matrix population models are likely biased lower than the true population growth rates because our apparent survival rates are biased low, but they serve our purpose of determining the most influential vital rates (Caswell 2001) .
To assess effects of demographic variation and covariation on estimated elasticities, we calculated integrated elasticities (Reid et al. 2004) . Integrated elasticities (IEs) quantify the total effect of variability in a specific demographic rate on λ, including both direct effects and indirect effects via covariation with other rates (van Tienderen 1995) . For a demographic rate x, IE x x y y y x y r e CV CV = ∑ / . In this equation, r xy is the correlation between rates x and y, and e y and CV y are the standard elasticity and coefficient of variation of y, respectively, and CV x is the coefficient of variation of x (van Tienderen 1995; Saether and Bakke 2000). Elasticities identify the demographic rates to which λ is most sensitive, but the contribution of each rate to variation in λ also depends on the extent to which the rate varies. To estimate the actual contribution of each demographic rate to population change, we multiplied the integrated elasticity of the rate by its coefficient of variation to give a variancestandardized elasticity (IE x CV x -van Tienderen 1995). The total variance in λ can be estimated as: Horvitz et al. 1997; Gaillard et al. 2000; Caswell 2001 ). We therefore estimated the proportional contribution of each rate x to total variation in λ as: IE Var Horvitz et al. 1997; Gaillard et al. 2000) . We performed all matrix calculations in R using the popbio package (R Core Development Team 2013).
Life table response experiment.-Because the vital rate to which life histories are the most sensitive (as indicated by a prospective analysis) is not necessarily the one that has contributed most to the observed variability in population dynamics, identification of those factors that have contributed most to variation in the dynamics of the population requires a retrospective approach (Horvitz et al. 1997; Caswell 2000; Cooch et al. 2001; Angert 2006) . One approach for partitioning variation in growth rates is the LTRE (Horvitz et al. 1997; Caswell 2000) , which relies on the fact that if projected population growth rate is measured as a deviation from a reference value, then variation in projected growth rate can be decomposed into contributions from each of the vital rates.
We used a single-classification fixed-design LTRE (Caswell 2001) to measure the contribution of each vital rate to deviations in λ between the matrix model for each site and a reference matrix. We constructed 2 reference matrices, 1 for regional and 1 for continental sites, where each matrix was composed of the average transition probabilities of all sites in a given spatial scale (Caswell 2001) . We performed all LTRE calculations in R using the popbio package (R Core Development Team 2013).
results
We analyzed encounter histories for 860 adult female giraffe and 449 calves from the TE. We found evidence for lack of fit in adult female (χ 2 63 = 358, P < 0.001) and calf (χ 2 62 = 97, P = 0.006) encounter history data. Goodness-of-fit tests are designed to detect departures from model assumptions for independence among individuals and independence between successive encounters of every individual. The lack of fit we observed is typical of large data sets where individual differences inherent in any animal population are inevitably detected (Choquet et al. 2005) . To make the model selection process more conservative, we applied ˆ, c a variance inflation factor, which increases variances but has no effect on parameter estimates. We adjusted adult female ĉ = 2.0 and calf ĉ = 1.5. Results are reported as mean ± 1 SE unless otherwise noted.
We documented significant among-site spatial variation in adult female survival (LRT χ = 6.45, P = 0.17; Supporting Information S9). Mean vital rate values across all regional sites (robust estimates of spatial process variation) were adult female annual survival = 0.842 ± 0.022; calf survival to age 1 year = 0.479 ± 0.040; and reproduction (calves/adult female/year) = 0.320 ± 0.030. Spatial variability of site-specific demographic rates across all sites in our regional study area was similar for adult female survival (CV = 0.20), calf survival (CV = 0.23), and reproduction (CV = 0.22). When regional spatial variability was calculated only using estimates from the 2 NPs and MRC, variability in adult female survival was much lower (CV = 0.04), whereas variability in calf survival (CV = 0.30) and variability in reproduction (CV = 0.27) were slightly higher. At the continental scale, estimates of adult survival, calf survival, and reproduction rates from the scientific literature were available from NPs across Africa, spanning most of the range of the species (Supporting Information S8; Fig. 3 ). Adult female survival rates from protected areas across the range of giraffe were similar (0.90 ± 0.03 SD, CV = 0.03), but there was large range-wide variability in estimates of calf survival to age 1 year (0.43 ± 0.10 SD, CV = 0.23) and reproduction (0.31 ± 0.10 SD, CV = 0.32).
Elasticities for regional matrix population models indicated adult survival (S A ) was by far the highest elasticity parameter in each site (Supporting Information S7), and this pattern was repeated in continental sites, where mean elasticity of S A was 0.86, and elasticity for S 1 and F were both 0.03. No vital rates were significantly correlated with each other among sites at either the regional or continental scales, but we still used IE to account for covariation among vital rates.
Prospective matrix analysis revealed the proportional contribution of vital rates to total variation in λ at the regional scale was greatest for adult female survival (0.990), relative to calf survival (0.002) and fecundity (0.008). At the continental scale, prospective analysis found a similar contribution of vital rates to total variation in λ: adult female survival (0.999), relative to calf survival (0.001) and fecundity (0.0004).
Retrospective LTRE analyses found site-specific variation in adult female survival made the greatest contribution to spatial variation in λ at both scales (Fig. 4) . However, at the continental scale, reproduction and calf survival made contributions to changes in λ nearly as large as adult survival (Fig. 4) . Proportional contributions of vital rates to total variation in λ from LTRE at the regional scale were adult female survival (0.81), calf survival (0.07), and fecundity (0.12) and at the continental scale were adult female survival (0.55), calf survival (0.19), and fecundity (0.27).
Covariate models indicated that regional variation in adult female survival was significantly positively correlated with antipoaching efforts (β antipoaching = 0.131, 85% CI = 0.063-0.200). Two other covariate models also had competitive rankings (Table 1 ) and were significant. Calf survival was significantly negatively correlated with the lion predation pressure covariate model (β lion predation pressure = 0.052, 85% CI = −0.103 to −0.002). The reproduction covariate model related to land management indicated MRC had significantly greater reproduction relative to other sites (β MRC = 0.28, z = 2.13, P = 0.03; Table 2 ).
discussion
Spatial variation in demography and the temporal paradigm.-Results from the TE region supported the adult survival paradigm. Adult female survival was highly spatially variable, and site-specific variation in adult female survival made the greatest contribution to spatial variation in λ. At the continental scale, spatial variation of demographic estimates from protected areas appeared to follow the temporal paradigm of low variability in adult survival and higher variability in reproduction and calf survival. However, at the continental scale as at the regional scale, the highest proportion of the variation in λ was explained by variation in adult female survival.
Adult female survival is typically the highest elasticity parameter in ungulate population growth models from studies in temperate zones, and our matrix population models for a tropical megaherbivore, the giraffe, were no different. The dominant paradigm for temperate-zone ungulate population dynamics over time holds that although adult female survival has the highest elasticity, juvenile survival or reproduction is the primary determinant of realized population change due to a trade-off between reproductive effort and survival in long-lived organisms (Gaillard et al. 1998 (Gaillard et al. , 2000 Gaillard and Yoccoz 2003) . Adults maintain high survival by varying reproductive effort according to environmental conditions and their own physiological status (Gaillard et al. 1998 (Gaillard et al. , 2000 Gaillard and Yoccoz 2003; Raithel et al. 2007 ).
In contrast, Johnson et al. (2010) showed that in 4 of 6 local populations of bighorn sheep (Ovis canadensis sierra) in the western United States, adult survival explained the highest proportion of variation in population growth. Likewise, Nilsen et al. (2009) Coulson et al. 2005) , but conservation and management implications of such variation are critical. It has been suggested that demographic rates are unlikely to be both highly variable and have large effects on the growth rate of a population (Pfister 1998) . However, this observation may be relevant only to stable or increasing populations. In declining populations, it might be common for vital rates with the greatest elasticity also to be highly variable or have a large impact on population change, particularly when hunting or predation effects are present (Wisdom et al. 2000; Schmidt et al. 2005; Coulson et al. 2005; Nilsen et al. 2009; Johnson et al. 2010) . Owen-Smith and Mason (2005) found that decreases in adult survival were responsible for African ungulate populations that transitioned from stable to declining trajectories.
The authors attributed this contrary result to the fact that they worked in a tropical area with a large suite of predators that prey upon adults of these species, whereas most investigations were conducted in temperate zones with few or no natural predators.
Spatial variation in demographic rates of ungulates has been previously documented for bighorn sheep (Johnson et al. 2010) , roe deer (Nilsen et al. 2009 ), Soay sheep (Ovis aries- Coulson et al. 1999) , red deer (Cervus elaphus- Coulson et al. 1997 ), caribou (Rangifer tarandus-Wittmer et al. 2007 , and wildebeest (Connochaetes taurinus-Ndibalema 2009). Our work documented spatial variation in demographic rates for the largest ungulate and pointed to anthropogenic effects including poaching of adult females as a likely mechanism for population trajectories. The covariate antipoaching could be interpreted more generally as an index of increasing anthropogenic effects on wildlife along the GCA-MRC-NP gradient, with increasing antipoaching efforts roughly correlated with decreasing density of people and livestock and with increasing lion density. However, because adult giraffes in the TE are rarely predated naturally, we attribute most of this effect to poaching. An alternative interpretation could be a fatal disease transmitted from livestock (Daszak et al. 2000) , but because livestock densities are similar in MRC and GCAs, we would expect more similarity between these types of site if livestock disease were an important factor.
The covariate model of lion predation pressure best explained regional spatial variation in calf survival, and management best explained regional variation in reproduction. Both factors are likely related to natural predation by lions. Because lion predation effects would be difficult to alter across this landscape, and because adult female survival was identified as the having the greatest impact on λ from both prospective and retrospective analyses, there may not be much room to affect giraffe population trajectories via reproduction or calf survival rates.
Demographic comparisons across the range of the species.-Estimates of adult female survival in the TE were much more variable across subpopulations than estimates from protected areas across the range of the giraffe in Africa. However, when we excluded GCAs from our regional study and computed variability only across local protected areas, the CV of survival became similar to the range-wide value. Estimates from across the range of giraffes were available only from protected areas, so inclusion of nonprotected GCAs could make the resultant regional spatial CV values incomparable to values from protected areas. However, our regional estimates likely reflected more realistic conditions faced by most giraffes, as much of their remaining habitat lies outside protected areas, where anthropogenic factors such as poaching and habitat alteration are prevalent. Local and range-wide spatial variability in other regions with increasing habitat fragmentation and human populations actually may be as high as we calculated when we included nonprotected areas, because giraffe outside protected areas likely experienced a wider spectrum of environmental and anthropogenic factors that inevitably affected demographic rates.
We documented significant regional spatial variation in giraffe demographic parameters of adult female survival and reproduction. Site-specific point estimates of calf survival varied among regional sites but not significantly so due to lower precision of those estimates. Anthropogenic impacts that include poaching or livestock-related disease are the most likely proximate causes of regional variation in adult female survival. Adult female survival was by far the most important driver of variation in population growth rate. Thus, the population management actions with highest expected effectiveness would be those aimed at increasing adult female survival, such as expanding antipoaching patrols outside NPs, and continuing efforts to disrupt bushmeat distribution networks and markets. Disease transmission from livestock to giraffe also should be investigated.
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